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Abstract 

 

Very-low-noise microwave signals are desirable for many state-of-the-art 

applications, including many types of radar and imaging systems, as well as 

secure communication.  However, even state-of-the-art rf oscillator 

technology for producing signals into the tens of gigahertz range does not 

generate signals with low enough phase noise for these important systems to 

work to their full potential.  A new approach for achieving microwave 

signals with ultra-low phase noise involves using an optical frequency 

divider that has as its reference a narrow-linewidth CW laser.  Femtosecond 

laser frequency combs provide an effective and efficient way to take an ultra-

stable optical frequency reference and divide the signal down into the 

microwave region.  In order to convert optical pulses into a usable rf signal, 

one must use high-speed photodetection; unfortunately, excess phase noise 

from both technical and fundamental sources can arise in the photodetection 

process.  In order to ultimately minimize the noise effects of the 

photodetector, we must first characterize some of the known sources for 

noise inside these devices.  In this paper, we describe two of these effects – 

power-to-phase conversion and shot noise – within three different test diodes.  

The noise performance of each diode reveals the nature of the noise sources, 

their effect on the output signal, and what design features of the photodiode 

minimize these noise effects. 

 

 

 

 

 

 

 

 



42
nd

 Annual Precise Time and Time Interval (PTTI) Meeting 

 

452 

 

 

 

 

 

 
 



42
nd

 Annual Precise Time and Time Interval (PTTI) Meeting 

 

453 

 

 
 



42
nd

 Annual Precise Time and Time Interval (PTTI) Meeting 

 

454 

 

 
 



42
nd

 Annual Precise Time and Time Interval (PTTI) Meeting 

 

455 

 

 



42
nd

 Annual Precise Time and Time Interval (PTTI) Meeting 

 

456 

 

REFERENCES 

 
[1] A. Joshi and D. Becker, 2007, “GRIN lens-coupled top illuminated photodetectors for high-power 

applications,” in Proceedings of the 2007 IEEE International Topical Meeting on Microwave 

Photonics, 3-5 October 2007, Victoria, Canada (IEEE), pp. 18-20. 

 

[2] A. Joshi, S. Datta, and D. Becker, 2008, “GRIN Lens Coupled Top-Illuminated Highly Linear 

InGaAs PDs,” IEEE Photonics Technology Letters, 20, 1500-1502. 

 

[3] S. Foreman, K. Holman, D. Hudson, D. Jones, and J. Ye, 2007, “Remote transfer of ultrastable 

frequency references via fiber networks,” Review of Scientific Instruments, 78, 021101. 

 

[4] E. Ivanov, S. Diddams, and L. Hollberg, 2005, “Study of the Excess Noise Associated with 

Demodulation of Ultra-Short Infrared Pulses,” IEEE Transactions on Ultrasonics, 

Ferroelectrics, and Frequency Control, UFFC-52, 1068-1074. 

 

[5] K. Williams and R. Esman, 1992, “Observations of Photodetector Nonlinearities,” Electronics 

Letters, 28, 731-732. 

 

[6] D. Tulchinsky and K. Williams, 2004, “Phase noise in compressed photodiodes,” MWP 2004 

Technical Digest, Paper WA-6, 269-272. 

 

[7] M. Currie and I. Vurgaftman, 2006, “Microwave Phase Retardation in Saturated InGaAS 

Photodetectors,” IEEE Photonics Technology Letters, 18, 1433-1435. 

 

[8] A. Joshi and S. Data, 2009, “Dual InGaAs Photodiodes Having High Phase Linearity for Precise 

Timing Applications,” IEEE Photonics Technology Letters, 21, 1360-1362.  

 


